Introduction
in optoelectronics and are widely deployed in fiber amplifiers and solid-state lasers [1, 2] . The 9 coincidence between the Er 3+ emission band around 1530 nm and the principal low-loss window in 10 the absorption spectrum of silicate-based optical fibers has been the main driving force behind 11 much recent work on erbium-doped silica optical fibers and waveguides [2, 3] . Intense efforts are host material also has an important impact on all these properties [4, 5] . Most of the work reported 17 on Er 3+ -doped fiber lasers and amplifiers has used high silica-content glasses co-doped with various 18 combinations of Ge, P, and Al atoms [2, 3, 5] . The main limitations of Er-doped silicate fibers 19 originate from the low solubility of the erbium ions resulting in the formation of ErEr clusters for 20 the highest erbium concentrations. ErEr energy transfers most often result in the non-radiative 21 relaxation of the ion pair leading to a quenching of the luminescence at high erbium contents. To 22 prevent such clustering, the fiber core can be additionally doped with alumina or phosphorus 23 pentoxide [6] . It was shown that silica-based glasses should contain at least 8- calculated from the absorption spectra using Equation (1) . and  abs () the absorption coefficient. 
18
The density of the bulk glasses was measured after Archimedes' method in distilled water as 19 an immersion fluid. The accuracy was better than 0.3 %. 
Luminescence measurements

22
The emission spectra in the 14001700 nm range were measured at room temperature using 23 an AOC (Applied Optronics Corp.) laser diode excitation source emitting at 980 nm, an Edinburgh
24
Instruments monochromator (M300) and a liquid nitrogen cooled germanium detector (ADC 403L).
6
The emission spectra of the samples were collected on powder between quartz plates to avoid 1 reabsorption. angle spectra were subsequently employed to calculate the optical and dielectric properties of 13 glasses [22] . Infrared data reported in this work are in the form of the absorption coefficient spectra, 14 a, calculated from the relation,
16
where n and k are the frequency-dependent real and imaginary parts of the refractive index, 17 respectively,  '' is the imaginary part of the dielectric constant and  is the frequency. 
XPS spectra measurements
20
The X-ray photoelectron spectra were obtained using a PHI 5000 VersaProbe (PHI (MAS) at a spinning rate of 30 kHz using a 2.5 mm diameter rotor. A 50 kHz radio-frequence field 8 was used for excitation, ensuring an homogeneous and selective excitation of the central transition.
9
A spin echo sequence was used, synchronized on the spinning speed, in order to avoid probe signal 10 and distortion of the baseline. Thus, the delay between two pulses was 33 µs. Besides, it is known 11 that both boron families, the 
21
The Q 3 and Q 4 silicate units proportion can thus be calculated from Equation 7: can be related to the low solubility of P 2 O 5 in silicate-based glasses in agreement with [26] . The 7 refractive index can be considered as almost constant on the composition range, with slightly higher 8 values for x close to 1.5.
9
The T g for x = 0 is lowered while it is almost equal to the matrix one for x = 3. A continuous 
UV-Vis-NIR absorption spectra
17
A typical absorption spectrum in the UV-Vis-Near IR range of an Er 3+ -doped glass (matrix)
18
is depicted in Fig. 2a . We found that the UV absorption edge is not clearly affected by x and that the 19 cut-off wavelength remains almost constant at  315 nm. In the 2501600 nm range, several bands 20 characteristic of the Er 3+ ion transitions from the ground state to various excited levels are observed.
21
The absorption bands at 980 nm and 1530 nm are represented in Fig. 2b and 2c, respectively. The The absorption spectra recorded between 3000 and 4000 cm -1 are reported in Fig. 3 The emission spectra after excitation at 980 nm for some glasses (matrix, x = 0, 1. The IR spectra in the 250-1600 cm -1 range are depicted in Fig. 5a -c. The spectra are 8 composed of broad bands situated in the 400700, 8001200 cm -1 and 12001500 cm -1 ranges. The 
15
The [4] B fraction reaches its highest value (60%) for x = 0, decreases to 53% when x increases from 16 0 to 1.5 (close to the level of the matrix glass) and finally increases when x increases from 1.5 to 3.
18
The three (N 3 ) and four (N 4 ) coordinated boron were estimated using the Dell-Bray-Xiao 19 model as explained in the experimental section. Table 2 lists the N 4 , N 3 , Q 4 and Q 3 proportion 20 calculated according to the Dell-Bray-Xiao model. Since R max  R'  R d1 , the [4] B fraction is 21 expected to be a constant which is in disagreement with the measurement. The DBX model also 22 predicts that the Q 4 fraction increases linearly when x increases (see Fig. 8 ). 
Evolution of the refractive index and of the glass transition temperature
Evolution of the glass structure as a function of x 11
The structure of sodium-borosilicate glasses is generally described as mixed silicate and 
15
In the IR spectrum of the glass matrix (Fig. 5a) band to higher energy which is in agreement with the Dell-Bray-Xiao model (See Fig. 8 ). One can 10 notice that the addition of P 2 O 5 or Al 2 O 3 also leads to an increase in [4] B (Fig. 7b) . As explained in
11
[1216,18], these changes in the glass structure are suspected to be related to a charge also leads to a decrease in [4] B (Fig. 7b) .
18
These changes in the glass structure are not in agreement with the evolutions predicted by increase in intensity of shoulders on both sides of the main absorption band (Fig. 5 ).Since AlOP glass network is expect to lead to a small increase in T g (Fig. 1b) . It is also supported by the strong It can be seen in Fig. 8 high content in hydroxyl groups as seen in Fig. 3 
